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1 Introduction
Whilst the evolution and volatility of commodity prices have always presented hedging and
risk management concerns to producers and consumers, the so-called “ﬁnancialization” of
commodities through the active involvement of investors and speculators adds a new ingre-
dient to the complexity of their price formations. This theme of increased investment and
speculative activity in commodities became especially topical in relation to oil price behavior
in the ﬁrst decade of this century, with a view emerging that the ﬁnancial eﬀects may be
substantial in linking commodity price indices to speculative volumes and to equity indices,
but only alongside the changes in global economic fundamentals (Hamilton, 2009; Kilian,
2009; Tang and Xiong, 2012). For the individual commodities, however, whilst questions still
remain on the relative eﬀects of fundamental drivers and ﬁnancial market activity, there is,
in addition, a more subtle aspect relating to the changes in the relationships amongst the
commodities themselves. If two or more commodities are part of the same asset class, traded
perhaps as part of a commodity index, then it is plausible to expect that extra ﬁnancial ac-
tivity will further increase their correlation beyond that already attributable to their product
fundamentals. This expectation now appears to follow as a conjecture from various strands
of theoretical and empirical research. Thus, as a result of information frictions and adaptive
learning from prices, more ﬁnancial trading may increase the link between commodities and
equity market indices, inducing a pro-cyclical tendency (e.g. Singleton, 2013), which would
plausibly also manifest a greater co-movement amongst the commodities involved. Further-
more, capital frictions have been shown to inﬂuence risk premia in commodity futures (e.g.
Acharya et al, 2013) and the consequent limits to arbitrage may again inﬂuence the corre-
lations amongst commodities in the same asset class. More directly, it has been shown in
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general that as the objective function of investors becomes compromised by a need to out-
perform benchmark indices, index-focussed trading increases the correlations between asset
prices comprising the indices (e.g. Basak and Pavlova, 2013).
In order to test whether co-movement amongst heavily traded commodities is being signiﬁ-
cantly inﬂuenced by ﬁnancial factors, it is therefore clearly necessary to do so in the context
of a comprehensive representation of the underlying fundamental factors which may link their
price behavior. With commodities being primary goods, global economic factors must there-
fore be fully speciﬁed in the modeling. We approach this methodological challenge by means
of a ﬁltration of commodity returns through a large approximate factor model, to explore
common fundamental factors, followed by analysis of the eﬀects of hedging and speculative
trading proxies on the residual co-movements. As an application area, energy commodities
are particularly amenable to this research question and we analyse an important pair of
energy products, crude oil and natural gas, which are of substantial economic impact and
predominate within the commodity indices (e.g. GSCI).
As a topical area, the fundamental aspects of the link between oil and gas prices have engaged
substantial commentary and analysis. In general, the conventional view was one of strong
linkage, as in Serletis and Herbert (1999), mainly because of the history of product substi-
tution between gas and fuel oil (e.g. for power generation, industrial boilers). Furthermore,
especially within Continental Europe and South-East Asia, as well as elsewhere, the devel-
opment of gas pipelines by the upstream oil producers had generally been associated with
long-term gas contracts, index-linked to crude oil prices. Against this, there are some dif-
ferent market features. Oil markets are part of broader international markets, while natural
gas markets are essentially regional. Surplus production of natural gas may arise since it is a
co-product of oil. Gas supply is more inelastic than oil in the short-term, partly because of
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production and delivery logistics (Villar and Joutz (2006)); likewise gas demand is less elastic
because of its substantial component of residential heating (Ewing et al. (2002)) compared
to the high transportation component for oil. Finally, more recent data suggests that link-
ages may have weakened with the advent of shale gas and, looking beyond the US, with the
continuing deregulation of energy markets worldwide (Ramberg and Parsons (2012)).
In such a changing and multifaceted context of fundamental inﬂuences, empirical analysis
has unsurprisingly revealed mixed results concerning the existence of a long-term relationship
between gas and oil. From a cointegration framework, Serletis and Herbert (1999) identiﬁed
shared trends among the U.S. Henry Hub natural gas price and the fuel oil price during 1996-
1997, as did Villar and Joutz (2006) for the Henry Hub natural gas price and the West Texas
Intermediate (WTI) crude oil price during 1989-2005. They identiﬁed a stable relationship
between oil and gas prices, despite periods where they may have appeared to ’decouple’. By
using error correction models, Bachmeier and Griﬃn (2006) also found evidence of market in-
tegration among primary energy fuels in the U.S. during 1990-2004. Their analysis conﬁrmed
that oil and natural gas prices were cointegrated in the long run and exhibited strong evi-
dence of market integration. Furthermore, Brown and Yu¨cel (2008) showed that movements
in crude oil prices had a prominent role in shaping natural gas prices in the U.S., once other
drivers such as weather, seasonality, storage, and production disruptions have been taken into
account. Yet, also based on vector error-correction models and common cycle tests, Serletis
and Rangel-Ruiz (2004) claimed that Henry Hub and WTI did not have common price cycles,
and that progressive decoupling of US energy prices was a result of deregulation. Further-
more, Hartley et al. (2008) found evidence that the link between natural gas and crude oil
prices in the U.S. was indirect, acting through competition at the margin between natural gas
and residual fuel oil (being the price of the main competitive oil product). More precisely,
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the residual fuel oil price caused movements in the natural gas price, while the converse was
not true.1
Despite this large body of work on market integration between gas and oil, the cointegration
approach appears too restrictive for our purposes. In seeking to go beyond tests for linkage
and dynamic error correction, we a looking to identify what may be the common underlying
factors of co-movement in these two commodities, amongst an extensive set of global macro
variables, as well as with regard to ﬁnancial hedging and speculative proxies. To ﬁnd the
common factors, we use the large approximate factor model methodology following Stock and
Watson (1999, 2002a,b, 2006); Bai and Ng (2008). Large approximate factor models have
been used in a number of ﬁnancial applications, with, in particular, Ludvigson and Ng (2007,
2009, 2010) investigating the risk-return trade-oﬀ and the bond premium. Thus, in our study,
we extract from a large dataset of macroeconomic and ﬁnancial variables the factors that are
able to explain oil and gas returns in the U.S. futures markets. We show that a few factors can
explain a signiﬁcant proportion of both returns, which is an indication of similar fundamentals
for oil and gas dynamics. This appears to be the ﬁrst study aiming at explaining oil and gas
returns with factors extracted from a large dataset. Furthermore, compared to the well-
known dataset by Stock and Watson (2002a,b), ours also includes variables from emerging
economies known to contribute to the price formation of market for energy commodities.
Indeed, we ﬁnd that the factor with the highest explanatory power for oil is mostly connected
with real macroeconomic variables from emerging countries. Furthermore, we show that the
correlation between the unexplained parts of the returns (residuals after ﬁltration by the
factors) can be explained by trading activity proxies, which would be consistent with the
1Several cointegration studies have also investigated the relationship between oil and gas prices in the UK, where
a fully liberalized, actively traded, gas market has existed since the early 1990s. Panagiotidis and Rutledge
(2007) found a linear relationship between UK gas prices and Brent oil price during 1996-2003.
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ﬁnancialization conjecture for related energy commodities. In particular, we ﬁnd that the
speculative activities increase the correlations, whereas the hedging activities reduce it.
The remainder of the paper is structured as follows. Section 2 presents the dataset and Section
3 reviews the approximate factor modeling methodology. Section 4 reports the empirical
analysis of oil and gas returns using this methodology and Section 5 contains the analysis
of residual autocorrelation. Section 6 focuses on the trading activity proxies and Section 7
concludes.
2 Data
We look at the main global oil and natural gas prices from the U.S. The natural gas futures are
the Henry Hub price in $/MMBTU, whilst the crude oil futures are the WTI prices in $/BBL.
The dataset is composed of 196 monthly observations from 01/11/1993 to 01/03/2010. Raw
prices and returns are respectively displayed in Figures 1 and 2.
Descriptive statistics for returns are reported in Table 1. These statistics show evidence of
excess kurtosis for each return series. Returns also record a negative skewness for crude oil but
not natural gas. The Jarque-Bera test rejects the hypothesis of a Gaussian distribution for
each return. Heteroskedasticity is present in the data, which may explain the non-normality.
Oil and gas prices have unit roots and are cointegrated. The raw correlation between U.S.
crude oil and natural gas returns is positive and signiﬁcant (as judged by the p-value).
Whilst the cointegration tests established the linkages, to understand the common macro
drivers more explicitly, factors are extracted from 187 macroeconomic and ﬁnancial variables
representative of developed and emerging countries. Our dataset diﬀers in its composition
from the widely known large factor datasets of Stock and Watson (2005) and Ludvigson and
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Ng (2009) which consist mainly of U.S. national data.2 Since we aim at explaining crude oil
and natural gas returns, we include data from the main developed economies (128 variables)
and also from emerging countries (59 variables). Therefore our dataset is representative of
the world economy, and high-level demand from emerging countries will be included in the
information conveyed by the estimated factors. These variables can also be classiﬁed into 103
real variables (73 for developed countries, 30 for emerging countries) and 84 nominal variables
(55 for developed countries and 29 for emerging countries). Following the analysis in Boivin
and Ng (2006), we do not include as many variables as could be possible. Indeed, those
authors demonstrate that including too many variables rarely leads to a better estimation of
factors. In a recent contribution, Caggiano et al. (2011) provide strong empirical support to
the ﬁndings of Boivin and Ng (2006) in the Euro area.
Thus, inclusion in our dataset followed two principles: (i) to gather, as far as possible, a bal-
anced panel between developed and developing countries, and (ii) to limit the dimensionality
of the dataset so as to avoid measurement error problems in the factor analysis. All data
are extracted from Thomson Financial DataStream. The list of the 187 time series is given
in the Appendix, where a coding system indicates how the data are transformed to ensure
stationarity. All of the raw data are standardized prior to estimation.
3 The large approximate factor methodology
With a sample of i = {1, . . . , N} cross-section units and t = {1, . . . , T} time series observa-
tions, we formulate:
xit = λ
′
iFt + eit
2The original dataset in Stock and Watson (2005) covers the period 1959:01 to 2003:12. It is slightly extended
in Ludvigson and Ng (2009) to cover the period 1964:01 to 2007:12.
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where Ft is the vector of the r common factors. eit is referred to as the idiosyncratic error, and
λi as the factor loadings of the (static
3) common factors. Ft, {λi}i=1,...,N , {eit}i=1,...,N t=1,...,T
are unknown and have to be estimated from {xit}. WithXt = (x1t, . . . , xNt)′, et = (e1t, . . . , eNt)′
and Λ = (λ1, . . . , λN )
′, we have the vector form notation :
Xt = ΛFt + et
If we assume that Ft and et are uncorrelated with zero mean, and operate the normalization
E(FtF
′
t) = Id, we have:
Σ = ΛΛ′ +Ω
where Σ and Ω denote, respectively, the population covariance matrices of Xt and et.
In classical factor analysis, Ft and et are assumed to be serially and cross-sectionally uncorre-
lated. Moreover the number of observations N is ﬁxed. The ‘large dimensional approximate
factor model’ initiated by Stock and Watson (2002a,b) diﬀers from previous factor models
in two ways (at least): (i) the sample size tends to inﬁnity in both directions, and (ii) the
idiosyncratic errors are allowed to be ‘weakly correlated’4 across i and t.
We assume k factors, and use the principal components method to estimate the T × k matrix
of factors F k and the corresponding N × T loadings matrix Λk. These estimates solve the
following optimization problem :
minS(k) = (NT )−1
N∑
i=1
T∑
t=1
(xit − λk′i F kt )2
subject to the normalization Λk
′
Λk/N = Ik.
3We adopt the static approach following D’Agostino and Giannone (2012) who show that there is no clear
advantage of using dynamic factor models.
4Although Forni and al. (1999) and Stock and Watson (2002) use diﬀerent sets of assumptions to characterize
‘weak correlations’, the main idea is that cross-correlations and serial correlations have an upper bound.
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If we deﬁneX as the T×N matrix with tth rowX ′t , this classical principal component problem
is solved by setting Λˆk equal to the eigenvectors of the largest k eigenvalues of X ′X. The
principal components estimator of F k is given by:
Fˆ k = X ′Λˆk/N
Computation of Fˆ k requires the eigenvectors of the N × N matrix X ′X. When N > T , a
computationally simpler approach uses the T × T matrix XX ′. Consistency of the principal
component estimator as N andT → ∞ is demonstrated by Stock and Watson (2002a) and
Bai and Ng (2002). Bai (2003) gives the asymptotic distribution of the principal component
estimator.
We use the information criteria by Bai and Ng (2002) and the sequential test by Kapetanios
(2010) to determine the number of factors. The information criteria by Bai and Ng (2002)
can be seen as an extension to factor models of usual information criteria. If we note Sˆ(k) =
(NT )−1
∑N
i=1
∑T
t=1(xit−λˆk
′
i Fˆ
k
t )
2 the sum of squared residuals (divided byNT ) when k factors
are considered, the information criteria have the following general expressions:
PCPi(k) = Sˆ(k) + kσ¯
2gi(N,T )
ICi(k) = ln(Sˆ(k)) + kgi(N,T )
where σ¯2 is equal to Sˆ(kmax) for a pre-speciﬁed value kmax, and gi(N,T ) is a penalty function.
We allow a maximum of kmax = 20 factors, and apply the four penalty functions gi(N,T ), i =
1, .., 4 proposed by Bai and Ng (2002). The estimated number of factors minimizes the
aforementioned information criteria.
We also apply the sequential test by Kapetanios (2010) to determine the number of factors.
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This test is based on the property that if the true number of factors is k0, then, under some
regularity conditions, the k0 eigenvalues (in decreasing order) of the population covariance
matrix Σ will increase at rate N while the others will remain bounded. If we denote by λˆk, k =
1, ..., N the N eigenvalues of the sample covariance matrix Σ, the diﬀerence λˆk− λˆkmax+1 will
tend to inﬁnity for k = 1, ..., k0 but remain bounded for k = k0 + 1, ..., kmax where kmax is
some ﬁnite number such that k0 < kmax. The null hypothesis that the true number of factors
k0 is equal to k (H0,k : k0 = k) against the alternative hypothesis (H1,k : k0 > k) is therefore
tested with the test statistics λˆk − λˆkmax+1. If there is no factor structure, λˆk − λˆkmax+1
properly normalized by a sequence of constant τN,T should converge to a law limit. In the
presence of factors, it should tend to inﬁnity. The law limit and the rate of convergence
τN,T → ∞ have to be estimated by resampling technique. The test procedure is sequential.
In a ﬁrst step, we test (H0,k : k0 = k = 0) against (H1,k : k0 > 0). If we reject the null
hypothesis, then we consider the null (H0,k : k0 = k + 1 = 1). We stop once we cannot reject
the null hypothesis. Kapetanios (2010) refers to this algorithm as MED (maximal eigenvalue
distribution).
The estimated numbers of factors are displayed in Table 2, where it is evident that there
is clearly no agreement on the optimal number of factors. This result is similar to previous
empirical studies, which also show substantial variations in determining the number of factors.
According to the information criteria by Bai and Ng (2002), the optimal number of factors
runs from the 2 to 9. The sequential test by Kapetanios (2009) selects 2 factors.
Additional information on the autocorrelation and the explanatory power of the estimated
factors F̂t is displayed in Table 3. We notice that the ﬁrst 3 factors only explain 20% of
the variance of the 187 time series, while we reach 36% with 9 factors. Hence, we choose to
consider the set of the ﬁrst 9 factors as potential set of regressors. The factor autocorrelations
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(up to 3 lags) provided in Table 3 show that most factors are persistent.
4 Factor analysis of oil and gas returns
We consider the ﬁrst 9 factors to comprise the set of potential regressors. Since a preliminary
analysis factor-by-factor shows that factors 3 and 9 have low explanatory powers (compared
to the others), we choose to exclude them from our set of regressors. We then consider all
combinations of the 7 remaining factors, and select the subset which minimizes the multivari-
ate BIC criterion (as in Stock and Watson (2002) and Ludvigson and Ng (2009)). All results
are reported in Table 4.
Following this process, we choose the set F˜t = (Fˆ
1
t , Fˆ
2
t , Fˆ
7
t )
′ and estimate the following SUR
regression: {
r1,t = α1 + β
′
1F˜t + u1,t = α1 + β1,1Fˆ
1
t + β1,2Fˆ
2
t + β1,7Fˆ
7
t + u1,t
r2,t = α2 + β
′
2F˜t + u2,t = α2 + β2,1Fˆ
1
t + β2,2Fˆ
2
t + β2,7Fˆ
7
t + u2,t
We consider extra explanatory variables by adding for each energy market monthly stock/inventories
changes computed as Δsit = log(Si,t/Si,t−1), where Si,t stands for the stock level at date t
(see Brown and Yu¨cel (2008)).5 In addition, we include the dummy variable Du, which cap-
tures the disruption in oil and gas supply caused by the Hurricanes Ivan in September 2004
and Katrina in August 2005.
The minimization of the BIC criterion leads us to select the same set of factors as previously,
and to estimate:{
r1,t = α1 + β
′
1Fˆt + γ1Δs1,t + θ1Du+ v1,t = α1 + β1,1Fˆ
1
t + β1,2Fˆ
2
t + β1,7Fˆ
7
t + γ1Δs1,t + θ1Du+ v1,t
r2,t = α2 + β
′
2Fˆt + γ2Δs2,t + θ2Du+ v2,t = α2 + β2,1Fˆ
1
t + β2,2Fˆ
2
t + β2,7Fˆ
7
t + γ2Δs2,t + θ2Du+ v2,t
5These data are extracted from the US Department of Energy website.
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The results of these estimations are reported in Table 4. Firstly, we ﬁnd a higher explanatory
power for crude oil than for natural gas. The R2 associated with regression (1.a) is equal
to 0.34 for oil, and to 0.07 for gas in regression (1.b). This distinction applies across all
regressions (1.a) to (3.b). This result may be explained by the fact that gas markets are more
regional and hence international factors are less likely to have a good explanatory power for
these series (compared to oil).
Regarding the estimated coeﬃcients, the ﬁrst factor F̂1 appears to be statistically signiﬁ-
cant only for oil returns. This ﬁnding is stable across the regressions (1.a), (2.a) and (3.a).
Concerning the factors F̂2 and F̂7, we notice the remarkable stability of the signs obtained
across all regressions, as well as their statistical signiﬁcance (except F̂7 in regression (3.a)).
The coeﬃcient estimates for the extra explanatory variables are not signiﬁcant, except for
changes in stock/inventories. With the signiﬁcant negative sign for stocks, as in other studies
(e.g. Brown and Yu¨cel (2008)), this is intuitively consistent with conventional fundamental
expectations for the eﬀect of stocks on price movements.
In order to interpret the factors, we follow Ludvigson and Ng (2009), by regressing each
original variable on each single factor and then, for graphical convenience, as in Figure 3,
sorting the variables along the horizontal axis (in our case, beginning with real variables
and then with nominal variables), to show the variables for which high marginal R2 are
obtained. Thus, we classify our 187 series into four categories according to the characteristics
real/nominal variables and developed/emerging countries. A ﬁner classiﬁcation would be
diﬃcult to illustrate and is relevant, in our opinion, only when a single country is under
consideration.6
6Ludvigson and Ng (2009) rely indeed on a ﬁner classiﬁcation, but they only use U.S. variables. We do not
think that this methodology is applicable when several economies are considered if we want to preserve some
interpretability.
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Factor F̂1 can easily be interpreted as a real factor, since it records its highest explanatory
power for real variables. More particularly, F̂1 is mostly associated with real variables from
emerging countries.7 It is signiﬁcant for oil market returns, but does not indicate any eﬀect
on gas returns. The association of F̂1 with crude oil returns can be interpreted as an evidence
of the growing weight of emerging countries in oil imports during the time period considered.
This ﬁnding is consistent with the rather weak support of previous studies to the popular
view that oil prices have been driven more by ﬁnancial activities, rather than real supply and
demand variables, and in this respect supports the ﬁndings by Hamilton (2009) and Kilian
(2009) that real demand from emerging economies has been partly responsible for the rise
in oil prices over the recent period. More importantly, because we include in our database a
number of Asian variables, it seems that their explanatory power is rather large and supports
the view of the demand-shock-based dynamics.
Unlike F̂1, the other factors indicate common macro eﬀects on both gas an oil returns. F̂7 has
its highest factor loadings for a small set of real economic activity variable from developed
countries (most notably western housing starts and car registrations) and is signiﬁcant across
all variables, including both oil and gas. Factor F̂2 is a signiﬁcant, more broadly loaded
factor for both oil and gas (with relatively higher loadings on Asia-Paciﬁc economies than
F̂7). Evidently there is a substantial basis from factors 2 and 7 for asserting that gas has a
linkage with oil due to common economic and other global drivers, but, from the ﬁrst factor,
oil also has its own distinct global economic driver linked to the growth of the emerging
economies.
7Recall that factors are not identiﬁed, unless we impose some constraints to estimate them. Therefore, the sign
of the coeﬃcient of ̂F1 in the crude oil return equation has no meaning per se.
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5 Correcting residual correlation for heteroscedasticity
In this section, we proceed, as in Kallberg and Pasquariello (2008), to correct the residual
correlations for the heteroscedasticity. The main idea is to compute the sample correlation,
and then to correct it for the eﬀect of change in volatility by using Forbes and Rigobon
(2002)’s methodology to obtain an unbiased estimate of correlation. When applied on a
rolling basis, this estimation technique is able to track the true conditional correlation. Note
that the resulting estimate is nonparametric. As mentioned by Kallberg and Pasquariello
(2008), the ﬁnancial literature contains various empirical applications where rolling ﬁlters are
found to perform quite well in comparison with parametric speciﬁcations. This correction
for heteroscedasticity has been used in the context of ﬁnancial contagion where time-varying
volatility is unambiguously present in the data.
Having estimated the commodities returns’ conditional mean equation, we use the residuals
uˆi,t to compute the residuals correlation coeﬃcient:
ρˆijt =
cov(uˆi,t, uˆj,t)
[var(uˆi,t)var(uˆj,t)]1/2
Boyer et al. (1999), Loretan and English (2000) and Forbes and Rigobon (2002) show that
the correlation coeﬃcient is conditional on returns volatility. Hence, in the presence of het-
eroscedasticity, the usual sample correlation may be biased upward or downward. These
authors propose a correction for this bias, and deﬁne an unconditional correlation measure
under the assumption of no omitted variables or endogeneity. The unconditional correlation
is deﬁned as:
ρˆ∗ij,t =
ρˆij,t
[1 + δˆi,t(1− (ρˆ2ij,t)]1/2
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where the ratio δˆi,t =
var(uˆi,t)
var(uˆi,t)LT
− 1 corrects the conditional correlation ρˆij,t by the relative
diﬀerence between short-term volatility var(uˆi,t) and the long-term volatility var(uˆi,t)LT of
the iith return. As we do not make any ex ante assumption on the direction of propagation
of shocks from one commodity to another, we alternatively assume that the source of these
shocks is commodity i (in ρˆ∗ij,t) or commodity j (in ρˆ
∗
ji,t). Therefore, ρˆ
∗
ij,t and ρˆ
∗
ji,t may be
diﬀerent.
As we have only two returns, we compute the two unbiased measures of correlation, by using
the change in volatility in oil and gas residuals that is to say, if the source of shock is 1:
ρˆ∗12,t =
ρˆ12,t
[1 + δˆ1,t(1− (ρˆ212,t))]1/2
and, if the source of shock is 2:
ρˆ∗∗12,t =
ρˆ12,t
[1 + δˆ2,t(1− (ρˆ212,t))]1/2
Besides, we compute the mean of excess squared correlation coeﬃcients:
ρˆ∗t =
1
2
(ρˆ∗12,t + ρˆ
∗∗
12,t)
In this analysis, we treat the covariance matrix of returns residuals as observable, and con-
struct time series of rolling excess squared correlations for each commodity i. We consider a
time-varying model: {
r1,t = α1,t + β
′
1,tFˆt + u1,t
r2,t = α2,t + β
′
2,tFˆt + u2,t
where ρˆ∗ij,t is estimated over a short-time window of ﬁxed length N [t − N + 1, t]. We also
consider long-term intervals of length gN (with g > 1) [t − gN + 1, t], which gives us δˆ1,t
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and δˆ2,t. We are therefore able to compute ρˆ
∗
12,t and ρˆ
∗∗
12,t. We ﬁnally obtain the aggregate
measure of excess co-movement ρˆ∗t . Thus, we have corrected the sample correlations for
changes in conditional volatilities with a rolling windows of N = 30 observations for short-
term volatilities, and N = 60 observations for long-term volatilities. With the corrected
correlations, we compute the average excess squared correlations.
Some descriptive statistics are given in Table 5. We notice that the average squared correlation
μ for raw returns ρˆ∗2rett is signiﬁcant (at the 5% level). Reassuringly, the percentage rate of
signiﬁcant squared correlations Fρ∗2 is lower for the estimated OLS residuals ρˆ∗2OLSt than for
the raw returns ρˆ∗2rett , indicating the value of the ﬁltration in removing some, but not all of
the sources of co-movement.
More speciﬁcally, looking at Figure 4, showing the mean excess squared correlation for raw
returns and OLS residuals, where the dotted line represents the minimal value above which
the squared correlation is signiﬁcant at the 5% level, we can broadly distinguish two periods8
during which oil and gas returns are characterized by an episode of ’excess co-movement’,
namely year 1999 and years 2004 and 2005. During these periods, the red line representing
the ’unconditional average square residual correlation’ (i.e. the ρˆ∗2t computed from OLS
residuals) lies below the green line capturing the ’unconditional average square gross returns
correlation’(i.e. the ρˆ∗2t computed from raw returns). Hence, we verify that our factor analysis
has eliminated most (but not all) of the mean excess squared correlation.
8Even if these periods correspond to lagged values with our rolling analysis, they fall into the corresponding
data points in 1999, 2004 and 2005 when these changes were captured.
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6 Financial Impacts on the US oil-gas residual correlation
We now seek to test the ﬁnancialization conjecture as an explanation for the remaining
residual correlation in the ﬁltered oil and gas returns for the U.S. More particularly, we
investigate the potential impact of trading activity variables in the oil and gas futures markets
on the relationship between oil and gas futures returns. Trading and speculative activities
has indeed been established as one inﬂuence in the rise of energy prices during the 2000-
2008 period (Bu¨yu¨ksahin and Harris (2011), Singleton, 2013), and we also expect this to be
manifest in excess co-movement of our commodities.
One instrument for trading activity is inspired by Han (2008), who computed the net position
of large speculators in S&P 500 futures based on data from the U.S. Commodity Futures Trad-
ing Commission (CFTC). Indeed, the CFTC requires large traders holding positions above a
speciﬁed level to report their positions on a daily basis. Then, the CFTC aggregates the re-
ported data, and releases the breakdown of each Tuesday’s open interest in its Commitments
of Traders Report (CoT). This report contains the number of long positions and the number
of short positions for both ’commercial’ traders and ’non-commercial’ traders. Commercial
traders are required to register with the CFTC by showing a related cash business for which
futures are used as a hedge. The non-commercials are large speculators. Hence, it is possible
to calculate a trading activity proxy as the number of long non-commercial contracts minus
the number of short non-commercial contracts, scaled by the total open interest in S&P 500
futures. We apply this methodology to the case of the U.S. crude oil and natural gas futures
data, which provides us with two regressors denoted Han oil and Han gas.
We use another measure of trading activity based on the work by de Roon et al. (2000), which
proxies the hedging pressure in futures markets. The variable corresponds to the diﬀerence
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between the number of short hedge positions and the number of long hedge positions, divided
by the total number of hedge positions. The idea behind this proxy is to focus on the positions
of traders who are hedgers, only thereby estimating the pressure of hedging in the futures
market. The application of this methodology in our setting returns the regressors DeRonnetal
oil and DeRonnetal gas.
By regressing the unconditional average squared residual correlation (i.e. the ρˆ∗2t ) on the four
exogenous regressors Han oil, Han gas, DeRonnetal oil and DeRonnetal gas, we obtain the
estimation results reported in Table 6.
Whilst columns (5.a) and (5.b), show the separate regressions for the two proxies with little
signiﬁcance, in column (5.c), the four regressors are considered jointly in the same regression
and the results are more satisfactory in the sense that all coeﬃcients are signiﬁcant. It seems
that Han (2008)’s proxy for the speculative activity in the U.S. oil and gas futures market is
positively related to the unconditional average squared residual correlation. Conversely, de
Roon et al. (2000)’s proxy for hedging pressure appears negatively related to the residual cor-
relation. Thus, it appears that a higher hedging activity, which is by nature more speciﬁcally
related to one market or another, is associated with a lower residual correlation. Conversely,
when the speculative activity is strong, the impact on residual correlation is detected on both
oil and gas markets, as agents in this case tend to invest in energy futures markets through
commodity indices (Tang and Xiong (2012)), and the consequent explanation of residual re-
turns co-movement is consistent with the ﬁnancialization conjecture. Finally, as judged by the
R2 of 19%, this analysis of ﬁnancial trading has explained a substantial part of the remaining
residual correlation present in our ﬁltered series for the U.S.
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7 Conclusion
A consequence of the streams of research that have suggested that increased ﬁnancial engage-
ment in commodity futures will link commodity returns more closely to equity indices (Tang
and Xiong, 2012; Bu¨yu¨ksahin and Harris, 2011; Singleton, 2013) and that index-focused in-
vestment by itself may increase the correlations amongst the assets within the index (Basak
and Pavlova, 2013), is the expectation that ﬁnancial ﬂows into commodities may also man-
ifest increased correlations between actively traded commodities. We tested this on U.S. oil
and gas futures and ﬁnd support for the conjecture. Moreover we ﬁnd signiﬁcant evidence
that speculation, with its focus on index trading, increases the correlation between oil and
gas, whilst hedging, which is based more on individual forward contracts, actually decreases
this correlation. Both of these are plausible eﬀects and consistent with the ”ﬁnancializa-
tion” observations. Expanding the set of commodities to include coal futures is an obvious
extension.
The methodological challenge in obtaining these results is substantial. Since commodities are
global products, they generally have a complex set of fundamental drivers, and this is certainly
the case for oil and gas. Oil itself requires careful structural modeling (Hamilton, 2009; Kilian,
2009) and the theme of oil-gas linkage has been a lengthy and on-going debate amongst
energy economists (Ramberg and Parsons, 2012). We therefore undertook a comprehensive
fundamental ﬁltration of oil and gas returns before seeking to associate ﬁnancial activity
with the residual correlations. From a large dataset of macroeconomic and ﬁnancial variables
we found that two factors can explain a signiﬁcant proportion of both returns, which is an
indication of similar economic fundamentals for oil and gas dynamics. This appears to be
the ﬁrst study explaining oil and gas returns with factors extracted from a large dataset in
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the Stock and Watson (2002a,b) tradition, but ours also includes more international variables
from emerging economies. Indeed, we ﬁnd that the factor with the highest explanatory power
for oil is mostly connected with real macroeconomic variables from emerging countries, and
this was the one key factor that was not shared in common with gas. Given that gas markets
tend to be more local with lower gas penetration in developing countries, this is a consistent
result.
Whilst the large dataset factor ﬁltration was eﬀective, it is an area for further methodological
reﬁnement, as it is crucial for the subsequent residual estimations. Thus, we considered, as
in most of the factor-models literature, the factors as if they were observed, whilst they are
actually estimated. Despite this, the assumption should only have a limited impact on our re-
sults. However it could be relevant to investigate the small sample case using some simulation
techniques as in Ludvigson and Ng (2007, 2009 and 2010) and Gospodinov and Ng (2013).
The evolving nature of these fundamentals is more challenging, as dynamic representations
may become necessary. Overall, however, the analysis undertaken here appears to give robust
and consistent results to the subtle question of estimating the ﬁnancial eﬀects on commodity
inter-correlations in the context of complex global fundamentals.
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Tables
Table 1: Descriptive statistics for U.S. monthly returns.
Oil (US) Gas (US)
Mean 0.0077 0.0040
Maximum 0.3045 0.9694
Minimum -0.4340 -0.8496
Std. Dev. 0.0991 0.2176
Skewness -0.5770 0.0555
Kurtosis 4.6766 5.5875
Jarque-Bera 33.83* 33.83*
Nb. of Obs. 196 196
correlation 0.2095
p-value 0.0032
Note:(i) monthly returns are computed as log diﬀerence of raw prices. Commodity prices are
cash prices except crude oil where the current month contract price is taken as a proxy for the
cash price. (ii) ‘*’ denotes a rejection of the null hypothesis of a Gaussian distribution at the 5%
level. (iii) The p-value is computed by transforming the residual correlation to create a t-statistic
having (N − 2) degrees of freedom, with N the number of observations.
Table 2: Static factors selection results
Method No of static factors
MED 2
IC1 3
IC2 2
IC3 20
IC4 20
PCP1 9
PCP2 7
PCP3 20
PCP4 20
Note: MED denotes the number of factors given by the Maximum Eigenvalue Distribu-
tion algorithm. ICi and PCPi denote, respectively, the number of factors given by the
information criteria IC and PCP estimated with the penalty function gi(N, T ).
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Table 3: Summary statistics for F̂t,i for i = 1, ..., 9
factor i ρ1 ρ2 ρ3 R
2
i
1 0.1614 0.1256 0.3176 0.0975
2 0.1357 0.0805 0.3110 0.1619
3 -0.0748 0.0145 -0.0294 0.2030
4 -0.0765 -0.0910 0.1508 0.2355
5 -0.2180 -0.0763 0.1213 0.2654
6 0.1801 0.0388 0.0267 0.2927
7 0.0721 0.2765 0.2744 0.3185
8 0.4086 0.5013 0.3332 0.3418
9 -0.0066 -0.0305 -0.0379 0.3636
Note: For i = 1,..,9, Fˆit is estimated by the method of principal components using a
panel of data with 187 indicators of economic activity during 1993:12-2010:3. The data
are transformed (taking logs and ﬁrst diﬀerence where appropriate) and standardized
prior to estimation. ρi denotes the i
th autocorrelation. The relative importance of
the common component,R2i , is calculated as the fraction of total variance in the data
explained by factors 1 to i.
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Table 5: Descriptive statistics on squared correlations
ρˆ∗2rett ρˆ∗2OLSt
μ 0.1793* 0.1048
σ 0.1413 0.1065
Fρ∗2 51% 22%
Cρ 0.8306
Notes: This table reports summary statistics for the excess squared
unconditional correlation of OLS residuals ρˆ∗2OLSt , and the benchmark
squared unconditional correlation of raw returns ρˆ∗2rett . Fρ∗2 is the
mean percentage of squared unconditional correlation signiﬁcant at the
5% level using the t-square ratio test tˆ2ijt = (ρˆ
∗
ijt)
2[1− ρˆ∗ijt]−1(N − 2) ∼
F (1, N −2). * denotes signiﬁcance at the 5% level. Cρ is the correlation
between each pair ρˆ∗2OLSt and ρˆ∗2rett . μ stands for the mean, and σ for
the standard deviation.
Table 6: Regression of average excess correlation on trading activity proxies for US oil and
gas returns - time period 1998:02 to 2010:03.
ρˆ∗2t
(5.a) (5.b) (5.c)
Intercept 0.0783* 0.0844* 0.0832*
(4.39) ( 5.16) ( 5.06)
DeRonnetal oil 0.0511 -0.2015*
(1.22 ) (-2.21)
DeRonnetal gas -0.0562* -0.1143*
(-2.05) (-3.01)
Han oil 0.5014 2.2669*
(1.76) (3.49)
Han gas 0.1260 0.8370*
(0.72) (3.54)
N 137
R2 0.0307 0.0287 0.1914
R
2
0.0162 0.0142 0.1669
Note: ρˆ∗2t is the unconditional average squared residual correlation. Han oil and Han
gas are the speculative trading activity proxies computed from CFTC futures data for
oil and gas, respectively. DeRonnetal oil and DeRonnetal gas are the proxy for hedging
pressure in futures markets for oil and gas, respectively. N is the number of observations.
* denotes signiﬁcance at the 5% level.
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Figures
Figure 1: Prices of crude oil (upper graph) and natural gas (lower graph ) - USA - 01/11/1993
to 01/03/2010
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Figure 2: Returns of crude (upper graph) oil and natural gas (lower graph) - USA- 01/12/1993
to 01/03/2010
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Figure 3: Marginal R2 of macroeconomic and ﬁnancial variables regressed on the estimated
factors no. 1, 2 and 7.
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Note: Each panel shows the R2 from regressing the series number given on the x -axis onto each
individual factor Fˆi. The series are detailed in the Appendix, and sorted as they appear in the
Figure (real variables for developed countries, nominal variables for developed countries, real
variables for emerging countries, nominal variables for emerging countries).
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Appendix: list of the 187 variables considered in the computa-
tion of the common factors
Note: In the Trans column, we report the transformation used to ensure the stationarity of
each variable. ln denotes the logarithm, Δ ln and Δ2ln denote the ﬁrst and second diﬀerence
of the logarithm, lv denotes the level of the series, and Δlv denotes the ﬁrst diﬀerence of the
series.
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